Abstract-Simulation method of sea water which contains spherical and non-spherical particles of suspended solid and phytoplankton based on Monte Carlo Ray Tracing: MCRT is proposed for identifying non-spherical species of phytoplankton. From the simulation results, it is found that the proposed MCRT model is validated. Also some possibility of identification of spherical and non-spherical shapes of particles which are contained in sea water is shown. Meanwhile, simulations with the different shape of particles, Prolate and Oblate show that Degree of Polarization: DP depends on shapes. Therefore, non-spherical shape of phytoplankton can be identified with polarization characteristics measurements of the ocean.
INTRODUCTION
Red tide detection is getting more important. Due to some reason including global warming, red tide occurs more frequently and widely all over the coastal zone in the world. Harmful Algal Blooms: HABs 1 are getting more severe situation. There are two types of red tide, spherical and nonspherical shapes of phytoplankton 2 induced red tide. There is specific red tide phytoplankton to the coastal zones. For instance, Chattonella Antiqua 3 , Chattonella Marina 4 is dominant phytoplankton in the Ariake Sea 5 area, in Kyushu Island, Japan. Almost every summer, Chattonella phytoplankton appears in the Ariake Sea area. The shapes of these phytoplankton are different each other. Namely, Chattonella Antiqua has non-spherical shape while Chattonella Marina, Chattonella Globosa 6 has relatively spherical shape. There is a strong demand on discrimination of spherical and non-spherical shapes of phytoplankton because it provides information on poison containing phytoplankton in 1 http://en.wikipedia.org/wiki/Algal_bloom 2 http://en.wikipedia.org/wiki/Phytoplankton 3 http://www.minc.ne.jp/suishi/page022.html 4 http://www.minc.ne.jp/suishi/page009.html 5 Kohei Arai, Red Tides -Combines satellite and ground based detection-, SPIE Newsroom, 10/1117/2, 1201012, 003267, 2011. 6 http://www.marinespecies.org/hab/aphia.php?p=taxdetails&id=246589 some cases. It is possible to discriminate spherical and nonspherical shapes of phytoplankton by using polarization characteristics [1] , [2] . Degree of polarization: DP [3] of the spherical shape of particles is almost zero while that of nonspherical shape of particles is greater than zero depending upon its spherical degree. Therefore, it is also possible to identify non-spherical shapes of phytoplankton through polarization measurements of sea surface with polarization radiometers or polarization cameras 7 .
Simulation study on discrimination of spherical and nonspherical particles can be done with Monte Carlo Ray Tracing: MCRT method [4] - [15] . MCRT simulation model for the atmosphere is proposed [4] while MCRT model for aerosol particle is proposed [5] - [7] . Meanwhile, MCRT for layered clouds is discussed [8] while MCRT models for representation of forest parameters are proposed [9] - [13] . In particular, forest Leaf Area Index: LAI model based on MCRT is proposed [14] while Bi-Directional Reflectance Distribution Function: BRDF model with MCRT is proposed for tea trees [15] .
In this paper, simulation method is proposed then simulation results which show a validity of the method is described followed by some field experimental data which is also support a validity of the method. Then conclusion and some discussions are described finally.
II. PROPOSED METHODS

A. Research Background
The shapes of Chattonella Antiqua, Chattonella Marina are shown in Fig.1 . Chattonella Antiqua has non-spherical shape while Chattonella Marina has relatively spherical shape as shown in Fig.1 clearly. www.ijacsa.thesai.org Figure 1 The shapes of Chattonella Antiqua, and Chattonella Marina Polarization characteristics for both spherical and nonspherical phytoplankton are different obviously. Therefore, it might be possible to identify non-spherical phytoplankton through polarization measurement for sea surface with polarization radiometer or polarization camera. There are influences due to ocean waves, polarization on the sea surface, etc. on polarization measurement data. In order to avoid the influence due to ocean wave, the pixels of which normal direction of the sea surface is directed to zenith are extracted from the polarization camera images. Meanwhile, the influence due to polarization effect at the sea surface can be avoided by setting the looking angle at 53 degree (Brewster angle [3] of sea surface). Thus the polarization characteristics of the sea surface in concern are measured and estimated.
B. Monte Carlo Ray Tracing: MCRT
In order to show a validity of the proposed method for non-spherical phytoplankton, MCRT simulation study and field experimental study is conducted. MCRT allows simulation of polarization characteristics of sea surface with designated parameters of the atmospheric conditions and sea surface and sea water conditions. Illustrative view of MCRT is shown in Fig.2 . Photon from the sun is input from the top of the atmosphere (the top of the simulation cell). Travel length of the photon is calculated with optical depth of the atmospheric molecule and that of aerosol. There are two components in the atmosphere; molecule and aerosol particles while three are also two components, water and particles; suspended solid and phytoplankton in the ocean. When the photon meets molecule or aerosol (the meeting probability with molecule and aerosol depends on their optical depth), then the photon scattered in accordance with scattering properties of molecule and aerosol. The scattering property is called as phase function. In the visible to near infrared wavelength region, the scattering by molecule is followed by Rayleigh scattering law [3] while that by aerosol is followed by Mie scattering law [3] . Example of phase function of Mie scattering is shown in Fig.3 (a) while that of Rayleigh scattering is shown in Fig.3 (b) . In the figure, scattering angle is defined as the angle between incidence and reflected angle from the particle. These phase functions can be calculated with Mie Code in the MODerate resolution atmospheric TRANsmission; MODTRAN 8 . In particular, Mie phase function depends on refractive index, size distribution, and shape of the aerosol particle in concern. For instance, phase function of prolate shape of particle differs from that of oblate shape of particle as shown in Fig.4 The shapes of suspended solid and phytoplankton are assumed to be oblate or prolate of elliptical shape of which c/a ratio and orientation angle are to be random. In the MCRT simulation, these are aligned with the certain average interval (density of such materials) with the different c/a ratio and orientation together with refractive index of suspended solid and phytoplankton 9 .
Reflection, transpiration, and refraction of the photon at the sea surface are followed by Fresnell law [3] and Snell law [3] as shown in Fig.5 .
Thus reflectance and transparency is calculated for p and s polarization separately together with total reflectance and transparency, Root Sum Square of p and s components as shown in Fig.6 . Then the following Degree of Polarization: DP is calculated.
DP = (p-s)/(p+s)
(1) Figure 5 Reflection, transpiration, and refraction of the photon at the sea surface Figure 6 Reflectance and transparency is calculated for p and s polarization separately together with total reflectance and transparency, Root Sum Square of p and s components Fig.7 shows an example of MCRT simulation result of DP calculation at around Brewster angle of observation angle as a function of scattering angle. At the Brewster angle, p reflectance is zero while s reflectance is around 0.14 as shown www.ijacsa.thesai.org in Fig.6 . Therefore, theoretical DP reaches at 1.0 and gradually decreases in accordance with increasing of scattering angle. Meanwhile, theoretical DP is increased with increasing of scattering angle ranges from zero to Brewster angle. On the other hand, calculated DP (MCRT simulation result) shows the same trend with theoretical DP, the details are different though. MCRT simulation result of calculated DP goes up and down everywhere. One of the causes for these variations is that the number of photons is not enough. One of the conclusions from the MCRT simulation study is that observation angle has to be set at Brewster angle. Thus the polarization characteristics of the sea surface can be observed at the best observation condition.
III. EXPERIMENTS
A. Overall Characteristics DP of Sea Surface at the Brewster Angle of Observations
B. Reflectance Calculated Based on Monte Carlo Ray
Tracing: MCRT At the observation angle of 53 degree of Brewster angle, p and s polarization reflectance are estimated with MCRT simulation. Table 1 shows the results. As shown in Fig.6 , s reflectance is always greater than p reflectance. The result shows the same trend. In the simulation, optical depth of the particles (suspended solid and phytoplankton) is changed from 0.01, 3.0, and 0.5. On the other hand, reflectance of the sea surface is set at 0.1. This implies that the transparency of sea water is set at 0.9. Thus DP can be calculated through p and s reflectance (using the difference of the number of photons for p and polarization of MCRT simulation results). Table 2 shows total reflectance of particles containing sea water and sea water only as well as the deviations of reflectance and DP from the spherical shape of particle and from the reflectance for the sea water only. In the simulation, optical depth of the particles of suspended solid and phytoplankton is set at 3.0. Shapes of the particles of P1, P2 are set at 1.95 and 4.62 of c/a ratio while those of O1, O2 are set at 0.46 and 0.24, respectively.
Particle size of these suspended solid and phytoplankton are same as spherical water. Therefore, equivalent scattering cross section of sea water only and of particle containing sea water are same. Reflectance deviation of spherical shape of particle from the reflectance of sea water only is 19.51% while that of nonspherical particles is around 19.75%. It is said that the reflectance of particles containing sea water is much different from that of sea water only while shape dependency of the reflectance is comparatively small, much smaller than that of the reflectance difference between sea water and particle containing sea water.
Meanwhile, the deviation of DP from the spherical shape of particle is varied depending upon c/a ratio in some extents. As is aforementioned, the particle orientations are random and are varied by time being. There are a variety of sizes for particles. Deviations of DP for the same size of different shapes and orientation angles of particles range from 0.0127 to 0.0136. Therefore, not so large influence due to the different shapes and orientation angles is suspected.
If the particle size is varied by the shape of particle, then the simulation result is remarkably changed from that of the case that the particle size is same even for the different shape. Table 3 shows the MCRT simulation results for that situation.
Due to the fact that scattering cross section is varied by the c/a factor, reflectance of the sea surface is changed with c/a factor as well as DP. The deviation of DP is totally depends on c/a ratio in this case. Because the averaged particle interval is same, cross section is dependent to c/a ratio. Monte Carlo Ray Tracing: MCRT based simulation method of sea water which contains spherical and nonspherical particles of suspended solid and phytoplankton is proposed. Using the proposed method, identifying nonspherical species of phytoplankton is available. From the simulation results, it is found that the proposed MCRT model is valid. Also some possibility of identification of spherical and non-spherical shapes of particles which are contained in sea water is shown. Meanwhile, simulations with the different shape of particles, Prolate and Oblate show that Degree of Polarization: DP depends on shapes. Therefore, non-spherical shape of phytoplankton can be identified with polarization characteristics measurements of the ocean.
